Once considered a uniquely human attribute, behavioral laterality has proven to be 3 7 ubiquitous among non human animals, being frequently associated with different 3 8 neurophenotypes in rodents and fish species. Zebrafish (Danio rerio) are a versatile and 3 9 complementary vertebrate model system that has been widely used in translational 4 0 neuropsychiatric research due their highly conserved genetic homology, well characterized 4 1 physiological and extensive behavioral repertoire. Although the spontaneous left-and right-bias 4 2 responses and associated behavioral domains (e.g. stress reactivity, aggression and learning) have 4 3 previously been observed in other teleost species, no information regarding the natural left-right 4 4
1 3 1 (Brock et al. 2017) , and we carried out three independent replicates. The Zantiks AD system was 1 3 2 fully controlled via a web-enabled device during behavioral training. Fish behavior was recorded 1 3 3 for 1 hour and was assessed according to overlapping series of four choices (tetragrams) and proportion of the total number of turns. The mean and coefficient of variation for right and left 1 3 7 bias was calculated for each animal and behavioral lateralization was considered when the animal 1 3 8 presented >60% of preference for right or left Y-maze arm. The inhibitory avoidance paradigm is a valid method widely used to explore mechanisms individually placed in one of four lanes of a tank (25 cm length x 15 cm, 1 L of water in each 1 4 8 tank) ( Fig. 1) . Briefly, fish were habituated for 30 minutes into the test environment, half check 1 4 9 and half grey base switching position every 5-min. The baseline preference was ascertained over 1 5 0 10-min and only the last 10-min baseline preference was used for assessing the area preference. Conditioning phase was followed, which consisted in a conditioned stimulus (CS+; full screen of 1 5 2 "check" or "grey", randomized between each batch) presented for 1.5s and followed by a brief 1 5 3 mild shock (9 V DC, 80ms; unconditioned stimulus (US). After this, an 8.5s of inter-trial interval and CS− simultaneously) for 1-min, and switching positions after 30-s. The novel tank diving test is commonly used for analyzing locomotor and anxiety-like Behavioral activity was recorded using 2 webcams (front and top view, see vertical activity. The following endpoints were measured: total distance traveled, time spent in 1 7 0 each third of the tank, immobility and thigmotaxis. All behavioral testing was carried out in a fully randomized order, choosing fish at random 1 7 4 from one of ten housing tanks for testing. Fish were screened for left-right bias in the Y-maze 1 7 5
first, but analysis was not carried out prior to subsequent behavioral testing to avoid bias. testing to be carried out in a fully blinded manner. Once all data were collected and screened for indicating non-engagement), the bias was revealed and data analyzed in full. Zebrafish showed behavioral lateralization in the Y-maze (right-biased 27.18 %, left- repetitions (p<0.001) and decreased alternations (p<0.005) compared to non-biased group. Moreover, right-biased animals had a significant increase of repetitions (p<0.05) and decrease of 2 1 1 alternations (p<0.05) even when compared to left-biased animals ( Fig. 2A) . The behavioral profile 2 1 2 of biased and non-biased animals is displayed in Fig. 2B tetragrams where a high number of llll 2 1 3 and rrrr configuration can be observed for left-and right-biased animals, respectively. Although no interaction effect bias vs. shock (F (2, 98) =1.259; p= 0.312) was observed for 2 1 7
the Pavlovian responses, a significant effect for bias (F (2, 98) =3.128; p= 0.035) and shock (F (1, 98) = 2 1 8 79.47; p<0001) effect was founded. ANOVA often is underpowered to detect the significance of 2 1 9
interaction terms (Wahlsten 1990), and therefore further analysis was performed to specifically non-biased group (Fig. 3) . No significant effect was observed for bias in all novel tank diving test-2 2 4 related parameters, including distance travelled (F (2, 43) = 0.683; p = 0.510), immobility (F (2, 43) = 2 2 5 2.348; p = 0.107), time in tank zones time (F (2, 129) = 0.084; p = 0.918) ( Fig. 4) and thigmotaxis 2 2 6 (F (2, 43) = 1.289; p = 0.286) ( Fig. 5) . In this study we evaluated left-right bias from unconditioned Y-maze performance and 2 3 0 evaluated the predictive validity of Y-maze performance on both unconditioned and conditioned 2 3 1 measures of fear/anxiety. We showed, for the first time, that the zebrafish presents natural 2 3 2 behavioral laterality in the Y-maze test, suggesting that the protocol may be useful for screening 2 3 3 this species for behavioral asymmetry. Second, we found that behaviorally lateralized animals 2 3 4
show decreased pure alternation responses in the Y-maze, and increased pure repetition, 2 3 5
suggesting that learning and memory may be partially inhibited in lateralized animals. Third, we 2 3 6 observed that behavioral asymmetry predicts increased learning in a Pavlovian fear conditioning 2 3 7 protocol but did not predict measures of unconditioned anxiety (novel tank test, thigmotaxis).
3 8
Collectively, these data suggest, contrary to theories that laterality is related to increased stress-2 3 9
reactivity, that increased behavioral laterality may be related to increased cue-reactivity, 
